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Introduction
Aminoglycosides, including gentamicin, are still widely used for the treatment of patients in intensive care units (ICUs) despite the fact that a number of more advanced and possibly safer antibiotics have been introduced. This is caused by several factors: concentration-dependent bactericidal effect, concentration-dependent postantibiotic effect, rare occurrence of resistance, low price, synergisms with other beta-lactam antibiotics (1) , and increased frequency of resistance of gram-negative pathogens to beta-lactam anti biotics and fl uoroquinolones (2) . Factors limiting the use of aminoglycosides are the following: narrow therapeutic index, relatively frequent nephrotoxic effect (aminoglycosides are among the medicinal products most commonly causing a nephrotoxic effect), and irreversible ototoxic effect (3) . The frequency of nephrotoxic effect caused by aminoglycosides used once a day reported in various sources varies from 0%-5% (4-6) to 14% (7) . The inconsistency of data can be related to differences in the characteristics of patients (including the presence of other factors increasing the risk of nephrotoxicity), different dosing, and modifi cation of doses regarding the pharmacokinetic parameters calculated.
In the past years, almost all hospitals in Lithuania introduced once-daily dosing of aminoglycosides.
Various trials and meta-analyses have demonstrated that such a dosage regimen is simpler while the effi cacy and toxicity are at least the same if compared to the con ventional dosing of aminoglycosides, i.e., three times daily (patients with infectious endocarditis are an exception). Moreover, the prediction of pharmacokinetic parameters is more reliable with once-daily dosing (1, 4) .
There is no common opinion regarding serum Cmax of gentamicin. Literature data suggest various desirable serum Cmax: 20 μg/mL (4), 8-11 μg/mL (8) , and even 6 μg/mL (7) . The most often recommended once-daily dose of gentamicin is 4-7 mg/kg body weight (9, 10) . Selection of a dose depends on minimal inhibitory concentration (MIC) -it is recommended to exceed MIC 8-10 times (4, 9, 11, 12) . According to Nicolou et al., MIC for Pseudomonas aeruginosa is 2 μg/mL; therefore, the desirable serum Cmax is 16-20 μg/mL. Majority of the authors recommend a dose effective against bacteria with highest MIC for an ICU patient (4, 11, 12) . In Lithuanian hospitals (e.g., Hospital of Lithuanian University of Health Sciences, Klaipėda University Hospital), the usual dose is up to 5 mg/kg body weight (13) .
The accumulation of a medicinal product, i.e., the risk of toxic effect, is related to the serum Cmin (i.e., concentration before the administration of the next dose). It is recommended not to exceed 1-1.5 μg/mL (4, 8, 9) or 2 μg/mL (7). Nicolau et al. recommends keeping serum Cmin less than 0.5 μg/mL at least for 4 h (4).
The question if the rationality of usual dosing according to the nomograms is suffi ciently rational in ICU patients is still open. Additionally, it is still not clear if pathophysiological changes related to coma do not infl uence pharmacokinetics of gentamicin. In this study, we aimed to determine what serum Cmax and Cmin of aminoglycosides (gentamicin) are achieved in cerebral coma patients in the ICUs administering a dose of 5 mg/kg body weight once a day. Additionally, we aimed to investigate if these concentrations are suffi ciently rational in terms of effi cacy and safety and to identify factors infl uencing these concentrations.
Material and Methods
Data on 24 patients treated at the Intensive Care Unit of Klaipėda University Hospital in 2008 were analyzed in this study. Gentamicin was administered and serum concentration was monitored in these patients. All the patients were in cerebral coma and suffered from pneumonia caused by gram-negative pathogens. Gentamicin at a dose of 5 mg/kg body weight was administered. If actual body weight exceeded ideal body weight by 20% or more, the specifi c formula was used to calculate dosing weight ( Fig. 1) (9) . Two samples of venous blood were obtained following the infusion of the fi rst gentamicin dose (immediately after the infusion, for detection of Cmax, and 5 hours later, i.e., 1 and 6 hours following the beginning of the infusion). As it was expected that serum Cmin will be extremely low and the possible bias high, serum Cmin was not determined directly (it was calculated using a special program "Kinetica" for calculation of pharmacokinetic parameters). Gentamicin serum con centration was determined in the laboratory of Klaipėda Hospital using the immuno turbidimetry method (reagent "Quantia Gentamicin"). Pharmacokinetic parameters (Cmin, Vd, and T1/2) were calculated using concentrations measured from the samples obtained following infusion of the fi rst gentamicin dose and 5 hours later with the help of a specifi c program for calculation of pharmacokinetic parameters "Kinetica" (Innaphase Inc., the USA). Creatinine clearance was calculated using the Cockcroft-Gault method. Statistical analysis was performed using the SPSS 16 program. The associations between variables (associations of Cmax and Cmin with Vd, T1/2, age, body weight, Glasgow coma scale [GCS] score, arterial blood pressure, creatinine clearance, treatment duration in an ICU, and central venous pressure) were estimated performing monofactorial analysis and using Spearmen correlation. Differences in pharmacokinetic parameters between the groups of categorical parameters (associations between Cmax, Cmin and artifi cial ventilation) were determined using nonparametric Mann-Whitney criteria. The chosen level of signifi cance was α=0.05. Relation or difference was considered as statistically signifi cant at P<α.
Results
Demographic data (age, dosing weight, distribution according to sex), creatinine clearance, evaluation of coma according to the GCS, central venous pressure, and treatment duration in the ICU of 24 patients included in the analysis are presented in Table 1 . Our study population represented general adult cerebral coma patients: they were body weight-matched, and a greater proportion of the patients were males. Renal dysfunction (creatinine clearance, <60 mL/min) was documented in 4 patients (17%). All patients were treated with concomitant medications, mainly electrolytes and infusions (n=24), beta-lactam antibiotics (n=12), and mannitol (n=8). Fifteen patients (62.5%) underwent head surgery. Artifi cial pulmonary ventilation was applied in 12 patients (50%).
Analysis of pharmacokinetic parameters was carried out. The main data are presented in Table 2 . The mean serum Cmax was 17.96 μg/mL (from 10.30 μg/mL to 27.87 μg/mL). The desirable serum Cmax (≥20 μg/mL) was achieved in 6 patients. Serum Cmin was not higher than 0.5 μg/mL in any patient. The mean Vd was 0.23 L/kg body weight, (Fig. 2) and between serum Cmax and treatment duration in the ICU (R s =-0.433, P=0.035) (Fig. 3) was found. An inverse correlation was found between serum Cmin and T1/2 (R s =-0.997, P<0.001), evaluation of coma according to the GCS (R s =-0.587, P=0.003), and creatinine clearance (R s =-0.628, P=0.001).
Discussion
Usually, an intravenous infusion of aminoglycosides is recommended, and the duration of infusion is 0.5 h or 1 h (9, 14) . In some countries (e.g., Scandinavian countries), a rapid (bolus) infusion of aminoglycoside is used; however, this method of administration is not well studied, and almost all data about aminoglycosides found in the scientifi c literature have been gathered using aminoglycosides via infusion (1) . Most of the trials indicate that toxic effects correlate with serum Cmin, and effi cacy correlates with serum Cmax (9, (15) (16) (17) ; however, some authors have doubts regarding these considerations (7) .
The fi ndings of this study indicate that following the infusion of 5 mg/kg body weight, serum Cmax of >20 μg/mL was achieved in 6 patients (25%), and the mean serum Cmax was 17.96 μg/mL. Thus, a dosage of 5 mg/kg body weight is not suffi cient in cerebral coma patients treated in the ICU. These patients should be treated with an infusion dose of 7 mg/kg body weight. These fi ndings were confi rmed by Buijk et al. (18) ; however, Rea et al. concluded that there was only a 20% and 40% probability that patients receiving 7 mg/kg of gentamicin and tobramycin, respectively, will achieve pharmacodynamic target over the range of MIC distributions (19) .
This study showed a direct inverse correlation between serum Cmax and Vd and treatment duration in an ICU, as it was expected. High variation in serum Cmax (from 10.30 μg/mL to 27.87 μg/mL, i.e., more than 2.5 times) corresponds to the literature data regarding ICU patients (11, (20) (21) (22) . Such a variation of 300% and variation of 300% in Vd and 400% in T1/2 indicate that pharmacokinetic parameters of cerebral coma patients are highly variable; therefore, dosing cannot be precisely predicted based only on nomograms.
Aminoglycosides, including gentamicin, are excreted via kidneys (≥90%) in an unchanged form, mainly via glomerular fi ltration, and the rate of elimination is directly proportional to creatinine clearance (9) . The risk of nephrotoxic effect increases in case of prolonged duration treatment (7, 8, 23, 24) , concomitant use of nephrotoxic agents (7, 25) , and high (>0.5-2 μg/mL) serum Cmin (7, 13, 23, 24) .
The serum Cmin and consequently the risk of toxic effect (especially nephrotoxic) may be reduced by either decreasing the dose or increasing the time intervals between infusions (7). Some of authors, such as Nicolau et al. and Hansen et al., recommend increasing the time intervals between administrations of medications; others like Prins et al. suggest decreasing a dose (1, 4, 7) . The latter suggestion raises some doubts because an effective serum Cmax may be not achieved in this case.
In this study, the serum Cmin, calculated using a special program for calculation of pharmacokinetic parameters, was not higher than 0.5 μg/mL in any patient including patients with renal dysfunction; consequently, there is no risk of nephrotoxic effect caused by gentamicin, at least in patients with normal function and in absence of other risk factors, administering a dosage of 5 mg/kg body weight every 24 hours. There was a statistically signifi cant correlation between serum Cmin and T1/2 and between Cmin and creatinine clearance, and these fi ndings correspond to the literature data.
As toxic effects correlate with serum Cmin, effi cacy correlates with serum Cmax, and pharmacokinetic parameters vary widely in ICU patients, the monitoring of aminoglycoside serum concentrations followed by the dose correction is highly recommended (4, (26) (27) (28) (29) . Dosing corrected according to pharmacokinetic parameters helps to achieve the optimal serum concentration and decreases the risk of toxic effect. Moreover, the frequency of toxic effects may be decreased by the assessment of other risk factors, monitoring of pharmacokinetic parameters, and making necessary corrections of dosing and administration time intervals (4, 7, 8, 14, 29) .
The following dosing scheme is proposed: the selected initial dose of gentamicin (e.g., 7 mg/kg body weight) is administered, and then two serum concentrations are obtained (Cmax, i.e., immediately after 1 hour infusion, and then one more, e.g., 5 hours after infusion). Using one of the numerous programs for pharmacokinetic calculations (e.g., Siphar/Win [Simed], PKS [Abbott]), pharmacokinetic parameters (Vd and T1/2) should be calculated and desirable serum Cmax and Cmin selected. The program will calculate the dose and interval of administration.
Conclusions
Taking into account serum Cmax, it can be concluded that gentamicin administered at a dosage of 5 mg/kg body weight once daily was not suffi ciently effective in cerebral coma patients treated in the intensive care unit. Gentamicin administered at a dosage of 5 mg/kg body weight once daily did not increase the risk of nephrotoxicity in the absence of other risk factors. Treatment duration in the intensive care unit is a risk factor for unsuccessful achievement of effective concentration: the longer is hospital stay in the intensive care unit, the higher is the risk that the administered dose will be insuffi cient.
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